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WKHLUYDOXDEOHVXSSRUWIRUP\UHVHDUFK,ZRXOGDOVROLNHWRWKDQN'U7RP/DZVRQIRU
SURRIUHDGLQJP\WKHVLV
7KDQNVYHU\PXFKWRP\GHDUIULHQGV,PHWLQ$XVWUDOLDZKRSURYLGHGP\OLIHZLWKFRORXU
7KHVHLQFOXGH0U+DR+H0U&KDR0L0U0LQJ*XDQ'U%DOMHHW6LQJK5DQD0U
-XDQ$GULDQ*DRQD0RVFRVRDQG0V5DFKHDO=KDR
,ZRUNHGDVDUHVHDUFKDVVLVWDQWLQ876VLQFHHDUO\7KLVZRUNKDVILOOHGPHXSZLWK
MR\DV,VROYHSUREOHPVIRUWKHJURXS2XUVFKRROPDQDJHU(OL]DEHWK*XUXQJ7DPDQJ
/s

SURMHFWDGPLQLVWUDWRU/XFLD.UDORYDDQGVFKRRODGPLQLVWUDWLRQRIILFHU.ODUD-DQLFNRYD
SURYLGHGPHZLWKPXFKJXLGDQFHDQGKHOS,ZRXOGOLNHWRVD\WKDQN\RXWRWKHPDVZHOO
2QWKHWKRI-DQXDU\P\ZLIHJDYHELUWKWRRXUVRQ-LDGH-DUHG5HQDWDWLPH
ZKHQ,ZDVVWLOOLQ$XVWUDOLDZRUNLQJRQWKLVWKHVLV,JUHDWO\ORYHP\ZLIHDQGP\SDUHQWV
DQGWKDQNWKHPIRUEULQJLQJXSP\VRQDQGVXSSRUWLQJP\ZRUNRYHUVHDV7KH\VDFULILFHG
PXFKIRUPHDQGIRUP\VRQLQWKHSDVWIRXU\HDUV,SURPLVHWRQRZVSHQGPRUHWLPH
ZLWKP\EHORYHGIDPLO\
)LQDOO\,ZRXOGOLNHWRDFNQRZOHGJHWKH&KLQD6FKRODUVKLS&RXQFLODQGWKH)DFXOW\RI
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VHOHFWLYHOLJDQGH[FKDQJHRI'1$PROHFXOHVRQWR8&13V
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$EVWUDFW
/DQWKDQLGHGRSHGXSFRQYHUVLRQQDQRSDUWLFOHV8&13VVWHSZLVHFRQYHUWQHDULQIUDUHG
DGVRUEHGOLJKWLQWRYLVLEOHHPLWWHGOLJKW0RQRGLVSHUVHG8&13VKDYHDODUJHDQWL6WRNHV
VKLIWVKDUSHPLVVLRQDQGORQJH[FLWHGVWDWH OLIHWLPHV7KHFRQWUROOHGV\QWKHVLVRIWKHLU
KHWHURJHQHRXVQDQRVWUXFWXUHVFDQFUHDWHGLIIHUHQWPRUSKRORJLHVZLWKGLIIHUHQWSURSHUWLHV
7KLVPDNHVLWSRVVLEOHWRXVHWKHVHSDUWLFOHVWRSHUIRUPELRPROHFXODUDVVD\VPXOWLVFDOH
DQGPXOWLPRGDOLPDJLQJDVZHOODVWDUJHWHGGHOLYHU\RIGUXJVIRUQDQRVFDOHWKHUDSLHV
7R PDNH WKHVH LQRUJDQLF QDQRPDWHULDOV SUDFWLFDOO\ XVHIXO WKHLU VXUIDFHV UHTXLUH
IXQFWLRQDOL]DWLRQZLWKDFWLYHFKHPLFDOJURXSVWKDWWDUJHWLPSRUWDQWVSHFLILFELRPROHFXODU
DQGFHOOXODUVWUXFWXUHVZLWKLQWKHERG\
&XUUHQW OLWHUDWXUH DVVXPHV 8&13V DUH VSKHULFDO LQ VKDSH DQG WKDW LVRWURSLF VXUIDFH
PRGLILFDWLRQVWUDWHJLHVVXFKDVOLJDQGR[LGDWLRQDPSKLSKLOLFOLJDQGLQWHUDFWLRQLQVHUW
OLJDQGH[FKDQJHDQGVLOLFDFRDWLQJWHFKQLTXHVDUHVXIILFLHQWIRUWKHLUVXUIDFHPRGLILFDWLRQ
,QWKLV WKHVLV WKHDXWKRUH[SORUHVWKHVXUIDFHFRYHUDJHDW WKHQDQRVFDOHRIDOLEUDU\RI
QRQVSKHULFDO URGV GLVFV DQG GXPEEHOO VWUXFWXUHV RI 8&13V DQG GHPRQVWUDWHV WKDW
GLIIHUHQW IDFHWV RI QDQRFU\VWDOV FDQ EH VHOHFWLYHO\ PRGLILHG E\ '1$ DQG VXUIDFWDQW
PROHFXOHVDQGVLOLFDFRDWLQJOD\HUV7KLVUHVXOWVLQWKHFUHDWLRQRIDQLVRWURSLFVXUIDFHVRQ
WKHVH SDUWLFOHV LH RQH ZKHUH QDQRFU\VWDOV FDQ KDYH HLWKHUERWK K\GURSKLOLF RUDQG
K\GURSKRELFVXUIDFHVGHSHQGLQJRQ WKHLU IDFHWDUUDQJHPHQW ,W LVKRSHG WKDWRXWFRPHV
IURPWKLVUHVHDUFKDGYDQFHXQGHUVWDQGLQJRIQDQRVFDOHVXUIDFHFKHPLVWU\DQGLQWURGXFH
DVHULHVRIVXUIDFHPRGLILFDWLRQWHFKQLTXHVWKDWFRXOGOHDGWRQHZXVHVIRUWKHVHSDUWLFOHV
7KHDGGLWLRQRIDQLVRWURSLFVLOLFDFRDWLQJDQGFRQWUROODEOHVHOIDVVHPEO\RIQDQRFU\VWDO
EXLOGLQJEORFNVFRXOGDOVROHDGWRWDLORUHGHIILFLHQF\DQGEHKDYLRXUVLQWKHFHOOXODUXSWDNH
RIWKLVQHZFODVVRIQDQRSDUWLFOHV
&KDSWHUVXPPDULVHVWKHXQLTXHRSWLFDOSURSHUWLHVRI8&13VWHFKQLTXHVXVHGIRUWKHLU
VXUIDFHPRGLILFDWLRQPHWKRGVDQG WKHLUPDQ\XVHV7KLVFKDSWHU OLVWVFXUUHQW OLWHUDWXUH
WKDWUHSRUWVRQWKHDQLVRWURSLFVXUIDFHSURSHUWLHVRIRWKHUQDQRSDUWLFOHVVXFKDVJROGQDQR
URGV DQG WKHLU SRWHQWLDO XVHIXOQHVV7KLV OHDGV WR WKH LQVSLUDWLRQ IRU WKLV WKHVLV DQG D
GHVFULSWLRQRILWVIRXUVSHFLILFUHVHDUFKJRDOV7RMXVWLI\WKHIHDVLELOLW\RILWVK\SRWKHVLV
WKDWLVWKDWGLIIHUHQWFU\VWDOOLQHIDFHWVUHVXOWLQGLIIHUHQWDQLVRWURSLFVXUIDFHSURSHUWLHVRI
8&13VZLWKXQLTXHEHKDYLRXUVWKLVFKDSWHUGHVFULEHVVRPHSUHOLPLQDU\VWXGLHVWKDWWKH
DXWKRUZDVLQYROYHGWKDWOHGWRWKHZRUNGHVFULEHGLQWKLVWKHVLV6SHFLILFDOO\WKHDXWKRU¶V
ďƐƚƌĂĐƚ
Ϯ

ZRUN RQ WKH FRQWUROOHG V\QWKHVLV RI QRQVSKHULFDO 8&13V DQG WKH FRPSXWDWLRQDO
VLPXODWLRQ RI WKHLU VXUIDFH SURSHUWLHV DQG WKHLU FDOFXODWHG LQWHUDFWLRQV ZLWK FRPPRQ
VXUIDFWDQWPROHFXOHV
&KDSWHU  SURYLGHV D GHWDLOHG GHVFULSWLRQ RI WKH PDWHULDOV SUHSDUDWLRQ DQG
FKDUDFWHUL]DWLRQPHWKRGVXVHGLQWKHZRUNGHVFULEHGLQWKLVWKHVLV
&KDSWHUUHSRUWVRQDVLPSOH³PL[DQGVKDNH´PHWKRGWRVHOHFWLYHO\PRGLI\WKHIDFHWV
RI 8&13V E\ WKH DGGLWLRQ RI V\QWKHWLF '1$ PROHFXOH VWUDQGV ZLWK RU ZLWKRXW WKH
SKRVSKDWHJURXSDWWKHHQGVRIWKHVHPROHFXOHV$UDQJHRIFKDUDFWHUL]DWLRQWHFKQLTXHV
ZHUHWKHQGHVFULEHGWRYHULI\WKDWWKHGLIIHUHQWIDFHWVRIWKHVH8&13VZHUHWDLORUHGWR
KDYHK\GURSKRELFDQGK\GURSKLOLFVXUIDFHSURSHUWLHVHQDEOLQJWKHLUXVHIXOQHVVLQDUDQJH
RILQWHUHVWLQJDSSOLFDWLRQVGHVFULEHGLQWKHWKUHHFKDSWHUVWKDWDUHQH[W
&KDSWHUGHVFULEHVDPHWKRGWKDWHQDEOHGWKHDGGLWLRQRIDQDQLVRWURSLFVLOLFDFRDWLQJ
RQWRD UDQJHRI8&13V WKDWKDYHYDULRXV VKDSHV7KH DGGLWLRQRI WKLV FRDWLQJ FDQEH
VZLWFKHG RQRII E\ FRQWUROOLQJ WKH VXUIDFH FRQGLWLRQV RI WKH SDUWLFOHV XVLQJ WKH IDFHW
VHOHFWLYHPRGLILFDWLRQRI'1$PROHFXOHV$FFRUGLQJWRWKHUHVXOWVGHVFULEHGVLOLFDVKHOO
ZDV RQO\ GHSRVLWHG RQWR 8&13 IDFHWV WKDW KDG QRW XQGHUJRQH '1$ PRGLILFDWLRQ
UHJDUGOHVVRIWKHVSHFLILFPRUSKRORJ\RIWKH8&13VWHVWHG,QWKLVFKDSWHUWKHIHDVLELOLW\
PHFKDQLVPDQGUHSURGXFLELOLW\RIWKLVFRDWLQJDSSURDFKZHUHSURYLGHG
&KDSWHUGHVFULEHVWKHWHFKQLTXHXVHGIRUWKHFRQWUROOHGVHOIDVVHPEO\RI8&13VDQG
WKHLU K\EULG VWUXFWXUHV %RWK VLGHE\VLGH DQG HQGWRHQG VHOIDVVHPEO\ RI URGVKDSH
8&13V VWUXFWXUHV ZHUH UHSRUWHG 0RUHRYHU DQ HQGWRHQG SDWWHUQ RI VHOIDVVHPEO\
WHFKQLTXHZDVUHSRUWHGWKDWFUHDWHGDK\EULGVWUXFWXUHZLWKJROGQDQRSDUWLFOHVLQEHWZHHQ
RI SDLUV RI 8&13 IRUPLQJ D RQHGLPHQVLRQDO FKDLQ VWUXFWXUH ,Q WKLV FKDSWHU WKH
FRQGLWLRQVIRUREWDLQLQJWKHVHVHOIDVVHPEO\VWUXFWXUHVZHUHGHVFULEHG
&KDSWHUGHVFULEHV WKH HYDOXDWLRQRI WKHGLIIHUHQWEHKDYLRXUVRI8&13V WKDWSRVVHVV
GLIIHUHQWLVRWURSLFDQGDQLVRWURSLFVXUIDFHSURSHUWLHVZLWKUHJDUGWRWKHLUFHOOXODUXSWDNH
$QLPSURYHGHIILFLHQF\LQWKLVXSWDNHZDVREVHUYHGLQ8&13VZLWKDQLVRWURSLFVXUIDFH
SURSHUWLHV DQG WKLV VXJJHVWV D QHZ FRQWUROODEOH IHDWXUH IRU WKHLU XVH LQ GUXJ GHOLYHU\
DSSOLFDWLRQV
ďƐƚƌĂĐƚ

ϯ

7KHUHVXOWVUHSRUWHGLQWKLVWKHVLVSURYLGHDQHZXQGHUVWDQGLQJRIWKHVXUIDFHSURSHUWLHV
RI8&13V$ SRVVLEOH RXWFRPH RI WKLVZRUN LV D QHZ UDQJH RI XVHV IRU WKLV SDUWLFOH
WHFKQRORJ\WKURXJKWKHSUHFLVHFRQWURORIWKHLUVXUIDFHV
.H\ZRUGV XSFRQYHUVLRQ QDQRSDUWLFOHV VXUIDFH PRGLILFDWLRQ DQLVRWURSLF VXUIDFH
SURSHUWLHVQDQRFU\VWDOIDFHWVVLOLFDFRDWLQJVHOIDVVHPEO\FHOOXODUXSWDNH
>ŝƐƚŽĨĐƌŽŶǇŵƐ
ϰ

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